This article describes respiratory symptoms and lung function in 98 fi sh processing female workers employed in a fi sh processing plant located on the Croatian Adriatic coast and 95 matching controls. The study included chronic and acute respiratory symptoms which developed during the shifts. Lung function measurements included forced vital capacity (FVC), one-second forced expiratory volume (FEV 1 ) and maximal expiratory rates at 50 % and the last 25 % (FEF 50 , FEF 25 ). Chronic respiratory symptoms were signifi cantly dominant in fi sh processing workers compared to controls. The most common chronic symptoms were hoarseness (57.1 %), nasal catarrh (51.0 %), chronic cough (42.9 %), chronic phlegm (34.7 %), and frequent chest cold (35.7 %). Exposed smokers and nonsmokers had a similar prevalence of chronic respiratory symptoms. Acute symptoms over the work shift were high, with headache in lead (smokers: 62.5 %; nonsmokers: 56.1 %). Most of the ventilatory capacity parameters were signifi cantly lower than predicted, FEF 25 in particular, indicating obstructive changes predominantly in the smaller airways. These fi ndings suggest that fi sh processing workers are prone to developing acute and chronic respiratory symptoms as well as to lung function changes. This calls for medical and technical preventive measures to be introduced in the work environment of the fi sh processing plant.
Fisheries along the Croatian Adriatic coast have a long tradition in processing fi sh such as tuna, sea bass, and sardines. Processing in the studied plant mostly includes manual handling of seafood. In Croatia, fi sh processing has been regulated by the Croatian veterinary and health regulation for breeding, production and marketing of fi sh and fi sh products (1, 2) . According to these regulations, fi sh has to be sorted and cooled down to the temperature between 0 °C to +4 °C or frozen to -18 °C. Fish processed in factories should be exsanguinated, decapitated, stripped of fi ns and entrails, and fi nally cooled or frozen.
There is an increasing demand for seafood in the world which has led to increased harvesting. The Adriatic Sea offers a great opportunity for the development of fisheries and related processing industry. Workers employed in fi sh processing industry are exposed to a variety of harmful environmental agents including cold and humidity, allergens, and aerosols of histamine, fi sh fl our and other toxins. These agents may cause a number of adverse reactions.
There are few reports on the respiratory reactions in workers occupationally exposed to harmful agents in fi sh processing industry. Common occupational symptoms in fi sh processing workers include asthma, chronic bronchitis, conjuctivitis, rhinitis, angioedema, and rash (3) .
This article presents a study of respiratory function in workers employed in a fi sh processing plant in coastal Croatia.
SUBJECTS AND METHODS

Subjects
The study included 98 women who worked in a sardine processing plant located near the town of Zadar, Croatia. Their mean age was 44 years (range: 19 to 56 years), mean height 163 cm (range: 155 cm to 188 cm) and mean years of service in fi sh processing industry 20 (range: 1 to 34 years). Over half the workers (52 of 98; 53.1 %) smoked on average 18 pack-years. As their jobs involved a variety of tasks they could not be grouped according to the working process.
The control group consisted of 95 female food packers from another plant unexposed to known bioaerosols to control for the prevalence of chronic respiratory symptoms. They matched the exposed group in age, years of service, and smoking habits.
Respiratory symptoms
Chronic respiratory symptoms were established using the Medical Research Council Questionnaire (MRCQ) (4) on respiratory symptoms and additional questions on occupational asthma, as described by Godnić-Cvar (5). All workers gave a detailed occupational and smoking history. The defi nitions of symptoms were taken from (4), as follows:
• Chronic cough or phlegm: cough and/or phlegm to a minimum of three months a year; • Chronic bronchitis: cough and phlegm for a minimum of three months a year and for not less than 2 successive years; • Dyspnea grades: grade 3 -shortness of breath when walking with other people at an ordinary pace on level ground; grade 4 -shortness of breath when walking at their own pace on level ground; • Occupational asthma: recurring attacks of dyspnoea, chest tightness, and pulmonary function impairment of the obstructive type diagnosed by physical examination, and spirometry during or after the shift (a drop in FEV by more than 15 %), confi rmed by the medical records from industrial physician.
• Chest cold: frequent cold during or after the shift for at least three months a year. Acute symptoms that developed during the shift were also recorded in all fi sh processing workers, but not controls. Symptoms included cough, wheezing, chest tightness, dyspnoea, irritation or dryness of the throat, secretion, dryness or bleeding of the nose, eye irritation, and headache. Special attention was paid to register the symptoms of the reactive airways dysfunction syndrome (RADS) including cough, nasal symptoms, chest tightness, wheezing, dyspnoea, hoarseness, and throat irritation or dryness.
Ventilatory capacity
Ventilatory capacity was measured only in fish processing workers by recording maximum expiratory fl ow-volume (MEFV) curves on a Jaeger Pneumoscreen spirometer (Wurzburg, Germany). The MEFV curves provided information on the forced vital capacity (FVC), one-second forced expiratory volume (FEV 1 ), and maximum fl ow rates at 50 % and the last 25 % of the vital capacity (FEF 50 and FEF 25 , respectively). These readings were taken during the morning shift. The spirometer was calibrated on a daily basis. Lung function was tested according to Quanjer et al. (6) . At least three MEFV curves were recorded for each subject and the best the three curves used for interpretation. Ventilatory capacity was compared with the predicted normal values proposed by Quanjer et al. (7) .
Statistical analysis
Chi-square test (or when appropriate Fisher's exact test) was used to test differences in the prevalence of respiratory symptoms between the fi shery and control workers . Odds ratios and 95 % confi dence intervals (CI) were calculated using a logistic regression analysis for each respiratory symptom (variables) and age, length of employment and smoking as predictors (8) . Ventilatory capacity was analysed with the paired t-test by comparing baseline to predicted values (matched by sex, age, and height). Multiple regression analysis was used to adjust the predicted FVC, FEV 1 , FEF 50 , and FEF 25 for sex, age, years of service, and smoking (9) . A level of P<0.05 was considered statistically signifi cant. Table 1 shows that the prevalence of most chronic respiratory symptoms was signifi cantly higher in fi sh processing workers than in controls (P<0.01), ranging from 57.1 % for hoarseness to 2 % for dyspnoea grade 3 and 4. No case of occupational asthma was recorded in either group.
RESULTS
Differences in chronic respiratory symptoms between smoking and nonsmoking fi shery workers are presented in Table 2 . Only chronic cough was significantly higher in smokers (56.3 %) than in nonsmokers (36.4 %) (P<0.05).
Acute symptoms in the fi shery workers recorded during the shift did not differ signifi cantly between smokers and nonsmokers, except for eye irritation, which was higher in nonsmokers (57.6 %) than smokers (31.5 %, P<0.05, Table 3 ). No case of wheezing or chest tightness was recorded in either subgroup. Table 4 presents the odds ratios for chronic and acute respiratory symptoms in relation to age, length of occupational exposure (years of service), and smoking. Statistically signifi cant were the ratios for chronic cough, chronic phlegm, chronic bronchitis, and dyspnoea for smokers and for dyspnoea, nasal catarrh, acute cough, throat irritation, nasal secretion, dry nose, and headache for the length of occupational exposure (years of service).
Ventilatory capacity in fishery workers was signifi cantly lower than predicted for all parameters, FEF 25 in particular. This points to obstructive changes in the smaller airways (Table 5) .
Regression analysis showed that FVC and FEV 1 were significantly related to years of exposure (service) while none was significantly related to smoking (Table 6 ).
DISCUSSION
Fish processing workers are exposed to several occupational health and safety risks, and fi sh aerosols in the working environment present a risk for the development of respiratory diseases. Other agents that can cause respiratory diseases or allergic sensitisation include fi sh enzymes, proteins or skin. in all exposed nonsmokers. This supports our fi ndings of lower ventilatory capacity tests. In addition, sickleave rate was higher among our fish-processing workers than controls (data not shown).
Pre-employment and periodic medical examination of workers in fi sh processing plant as well as improved ventilation in the processing areas should help to prevent the development of acute and chronic respiratory changes. Early symptom recognition and prompt action to reduce aerosol exposure should further help to avoid chronic changes in pulmonary function, often associated with occupational asthma. In that respect symptoms of the upper airways can be a reliable risk marker for workers exposed to highmolecular-weight agents such as seafood. Lung function tests can help to determine which workers have hyper-responsive airways.
The association between respiratory health effects and environmental concentrations of seafood aerosols helps to identify who is at a higher risk of developing occupational asthma. In addition, the preventive measures should include anti-smoking programmes.
Currently there are no occupational exposure limits for seafood aerosols, local or international, and setting them would defi nitely contribute to health protection of workers in the seafood industry.
